Epithelial sodium channels: characterization by using the patch-clamp technique.
The patch-clamp technique was used to resolve currents through individual Na-selective ion channels in the apical membrane of the rat cortical collecting tubule. The channels had a single unit conductance of 5 pS under control conditions (cell-attached patches, room temperature, 140 mM NaCl in the pipette). They appeared to be highly selective for Na, as K conduction through them was not measurable in inside-out patches. The channels underwent spontaneous transitions between open and closed states, both states being long-lived. At physiological temperature (37C) the conductance increased to 9 pS and the spontaneous transitions became more rapid. In the presence of amiloride on the luminal side of the membrane, the channel flickered rapidly between open and blocked states. The size of the current transitions did not change. This channel activity was observed only in rats that were fed a low-Na diet to elevate aldosterone secretion. In addition to mineralocorticoid control, the activity of the channels in inside-out patches were modulated by the pH on the cytoplasmic side of the membrane. Alkalinization from pH 6.4 to 7.4 increased the probability of channels' being open by eightfold. Changes in Ca concentration on the cytoplasmic side of the membrane did not directly affect the channels. However, addition of ionomycin, a Ca ionophore, to the bath resulted in a decrease in channel activity measured in cell-attached patches. This suggests that high cytoplasmic Ca may indirectly down-regulate Na channels in this tissue.